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(57) Abstract: An electrostatic chuck for insulating substrate attraction, comprising a dielectric substrate (1 a) acting on one surface 
thereof as an attraction surface of an insulating substrate and provided on the other surface with a plurality of electrodes (7) in order 
to electrostatic-attracting an insulating substrate such as a glass substrate, an insulating support base "(lb) for fixing the dielectric 
subsn-ate i -a-pluralit>\ofj:onducjing^njr»inaIs provided on the insulating support base/and a means for electrically connecting the 
electrodes with the conducting terminals, wherein a re^islivity~arroom tcmperature-of the dielectric-substratejs LUfL to _J_0^ i?£i n - a 
thickness of the dielectric substrate up to 2 mm, a width of an electrode up to 4 mm. and an interval between electrodes up to 2 mm. 
A heating/cooling plate (6), a gas supply piping for supplying gas lo a gap between the insulating substrate and the attraction surface, 
and a temperature control system for controlling the temperature of the insulating substrate are added to the above electrostatic chuck 
for insulating substrate attraction to constitute an insulating substrate treating device. 
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(54) 



Electrostatic chuck 



(57) An electrostatic chuck for attracting an object 
to be treated, includes a substrate{1 ), an insulating di- 
electric layer (4) and at least one electrode (9) provided 
between the substrate and the insulating dielectric layer. 



wherein the above object is to be attracted onto the elec- 
trode via the insulating dielectric layer and an average 
thickness of the insulating dielectric layer (4) is not less 
than 0.5 mm and not more than 5.0 mm. 
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requirements. Japanese Utility Model Registration Application Laid-open No. 2-1 20.531 also sutler the above problems. 

In view of the above, the present inventors produced insulating dielectric layers having thicknesses ot a lew lens 
urn to 300 urn from various ceramic materials, and examined them with respect to attracting force and leakage current. 
In general, in order to exhibit sufficiently high attracting force, the insulating dielectric layer needs to have a volume 
5 resistivity of 1 x 10 13 U-cm or less in a use temperature range. 

It was clarified that an electrostatic chuck having an insulating dielectric layer with a volume resistivity for example, 
in a range of 1 x 10 11 to 1 x l0 15 U-cmat room temperature exhibited high attracting force in a range ot room temperature 
to 200°C. but leakage current largely increased at temperatures of more than 200° C. which might damage a semicon- 
ductor wafer. It was also clarified that the electrostatic chuck having the insulating dielectric layer with the volume 
io resistivity of 1 x 10 14 LI cm to 1 x 10 16 U-cmat room temperature had a high attracting force in -a temperature range 
of 100°C to 500°C. but its leakage current largely increased when the temperature was more than 500°C so that the 
semiconductor wafer might be damaged. It was further clarified that in the electrostatic chuck with the insulating die- 
lectric layer having the volume resistivity of 1 x 10 9 U-cm to 1 x 10 10 L l.cm at room temperature exhibited high attracting 
force in a temperature range, of -20°C to l00°C,.but it damaged the semiconductor wafer due to largely increased 
'5 leakage current at temperatures of more than 100°C. 

In this way, it was clarified that although the conventional ceramic electrostatic chucks all exhibited sufficiently high 
attracting forces in an optimum temperature range, the leakage currents largely increased if the use temperature rose 
and the volume resistivity of the insulating dielectric ceramic layer decreased to 10 9 Q-cm or less. Therefore, it was 
clarified thai ihe conventional electrostatic chucks had a problem in such a use in which a use temperature range is 
20 wide, for example, in such a case where various treatments are effected for semiconductor wateis chucked. 

Further in Japanese Utility Model Registration Application Laid-open No.. 2-1 20831 , heat needs to be conducted 
between the semiconductor wafer and the electrostatic chuck uniformly as viewed planarly from the attracting surface 
thereof: For. even if the temperature of the attracting surface of the electrostatic chuck is equal, a large difference in 
temperature of the surface of the wafer occurs between a helium gas-filled portion and a helium gas non-filled portion 
25 inside the grooves. Consequently, the quality of the resulting semiconductor film varies., which may cause unacceptable 
.products during the production process. Therefore, it is necessary to keep the pressure of the helium gas constant in 
every portion inside the grooves. 

However in the locations of the actual attracting chuck from which helium gas is to be fed are limited, arid their 
feed openings of the helium gas-feeding locations are away from adjacent ones. Therefore, as the location goes away 
3b from a biow-out opening of the helium gas, the pressure of the gas ; rapidly decreases. In particular, as mentioned 
above, the thickness. of the insulating dielectric layer is merely around, a dozen urn to 300 um and the insulating 
dielectric layer merely has a minimum thickness required to maintain a necessary dielectric breakdown strength. This 
dielectric breakdown strength is a value of a minimum thickness portion of the : instating dielectric, layer. For these 
reasons, the thickness of the grooves must inevitably be set at a lew urn to a dozen u.m. However, the grooves having 
35 a depth of a few u^m to a dozen yim gives a large resistance against diffusion of the gas, so that the gas is not sufficiently 
diffused. Consequently, a large pressure difference occurs inside the grooves and the temperature varies, in the sem- 
iconductor wafer, so that the quality of the film formed becomes non-uniform. Simultaneously with this, increase in the 
depth of the grooves causes antonymy that dielectric breakdown may occur between the grooves and the electrode. 

40 Summary of the Invention 

It is an object of the present invention to provide an electrostatic chuck for attracting an object to be treated, which 
. can reduce leakage current in a insulating dielectric film to prevent an adverse effect upon theobject and simultaneously 
to maintain the attracting force for the object high, even in a case where the electrostatic chuck is used in a temperature 
45 . range in which the volume resistivity of the insulating dielectric film. is decreased. 

V It is another object of the present invention to provide an electrostatic chuck for attracting an object to be treated, 
which can reduce difference in pressure of the gas inside grooves to uniformly conduct heat between every portion of 
th Q ^jpfft a nd the attracting surface of the electrostatic chuck and simultaneously with this, to reduce the possibility 
of the dielectric hrraM^vn a* Qc p™^,hlo .n a racp xAmgrg ^ i , i horinn i ng holp is nrnvided to be opened at 

so "... the attracting face of the insulating dielectric layer of the electrostatic chuck and the gas is fed to the grooves or 
concaves of an attracting face side. 

The electrostatic chuck according to the present invention is to attract an object to be treated, and comprises a 
substrate, an insulating. dielectric layer and an electrode provided between the substrate and the insulating dielectric 
layer, wherein said object is to be attracted onto the electrode via the insulating dielectric layer and the average thick- 
r55— — ness-of-the-insulating-dielectricjay^^^ mm and not more than 5.0 mm. 

Another electrostatic chuck according to the present in venTFoTTis to~attracran object to-be-treat ed^and-comprises^ 
a substrate, an insulating dielectric layer and an electrode provided between the substrate and the insulating dielectric 
layer wherein said object. is to be attracted onto the electrode via the insulating dielectric layer a gas-introducing hole 
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peel off from the chuck even when a gas at pressure of 10 to 20 torr was ftown between the semiconductor wafer and 
the attracting face of the chuck in an ordinary manner. It was aiso discovered that. similar results were obtained even 
at not less than 500 a C for the electrostatic chuck with the insulating dielectric layer having the volume resistivity of i 
x 10 14 < }-crri to 1 x.10 16 <icm at room temperature. Furthermore, it was discovered that similar results were obtained 
5 even at not less than 100°C for the electrostatic chuck with the insulating dielectric layer having the volume resistivity 
of 1 x 10 9 U ; cm to 1 x 10 10 i>*cm at room temperature. 

As mentioned above, it was confirmed that excellent attracting force can be obtained in the electrostatic chuck 
with the insulating dielectric layer having such a large thickness as the skilled person in the art has not considered, 
and that the leakage current can be simultaneously largely reduced. 
to in addition, if the electrostatic chuck is used for a semiconductor-producing apparatus, the chuck is exposed to a 

halogen based corrosive gas as an etching gas or a cleaning gas. In a process such as sputtering. CVD or etching, 
. the chuck is exposed to plasma, tf the insulating dielectric layer made of even a ceramic material is subjected to the 
halogen based corrosive gas, a reaction product is produced on its surface, and dielectric breakdown may occur starting 
from any point in a layer of the reaction product through use for a long time under exposure to the plasma. The dielectric 
- '5 breakdown can be assuredly prevented by setting the thickness of the insulating dielectric layer at not less than 500 
jam from the standpoint of the corrosion resistance and the plasma resistance. . 

According to the present invention, the leakage current is more conspicuously reduced by setting the thickness of 
the insulating dielectric layer at not less than 1.0 mm. whereas the above attracting force is further enhanced by setting 
the thickness o' the insulating dielectric layer al not more than 3.0 mm. 
20 Further according to the electrostatic chuck of the present invention, the surface roughness, Rmax, of ihe surface 

of the insulating dielectric layer is preferably not more than 3 urn. By so doing, the attracting force is particularly in- 
creased. If the surface roughness, Rmax, of the insulating dielectric layer is not less than 4 um, the attracting force is 
not almost increased even if the voltage applied to the electrodes is increased, whereas if the surface roughness. 
Rmax, is not more than 3 pm; the attracting force is not only largely increased; but also the attracting force sharply 
25 varies to response the increase in the voltage applied to the electrodes. 

Further if Ihe maximum pore diameter of the insulating dielectric layer is set at not more than 5 um : the surface 
; roughness. Rmax; thereof can be controlled to not more than 3 yim % whereas if the maximum pore diameter is more 
than 5 j/imj the surface roughness. Rmax. of the surface of the insulating dielectric layer could not be controlled to not 
more than 3 prri even if the surface was finely polished.. 
so The porosity of the insulating dielectric layer is preferably not more than 3%. For, it was clarified that if the thickness 

. of the insulating dielectric layer falls in the range of the present. invention and the surface roughness. Rmax, is set at 
. not morelhan 3 um, the attracting force. can be most enhanced, when the porosity is not more than 3 %. It was further 
clarified that if the porosity is more than 3 %, the attracting force was not conspicuously enhanced even if the thickness 
and Rrriax of the insulating dielectric layer, are controlled to the above-mentioned respective ranges, the attracting 

35. force could not be conspicuously enhanced. 

The electrostatic chuck according to. the present invention with the insulating dielectric layer having the volume 
resistivity : of not more. than 1.x 10 13 i)-cm can afford high attracting force, and can be favorably used in practice. 
Particularly, when the volume resistivity of the insulating dielectric layer is even in a range of not more than 1 x 10 9 
Q-cm. to not less than 1 x 10 7 U-cm. sufficiently high attracting force can be obtained, and leakage current can be 
-to conspicuously reduced. 

. The volume resistivity of the insulating dielectric layer is more preferably set at not less than 1 x 10 8 i'2-cm from 
the standpoint. of the reduction in the leakage current. However, if the leakage current up to about 10 mA is acceptable 
with respect to an 8-inch wafer, excellent effects can be obtained according to the present invention even if the volume 
resistivity of the insulating dielectric layer is in a range of 1 x 10 7 Q*cm to 1 x 10 8 Q-cm. 
4S When the insulating dielectric layer of the electrostatic chuck according to the present invention is provided with 

grooves or depressions for dispersing a gas over the attracting face of the insulating dielectric layer as mentioned 
. above, the gas can be uniformly dispersed or diffused in the gas-diffusing depression if the depth of depression is set 
at not less than 100 pm so that the tem perature of a target object to be treated, such as a semiconductor wafer may 
be made uniform. As m o nfi^n°d ?^"°. ift hp 'h 1 ^^ 0 ^ ™ rn ^ i Mm ii m i nij ■ m^Wim^ inynr ■> mnro than s n mm \\\& 
so attracting force decreased. Therefore, the depth of the gas-diffusing depression is joreferably not more than 5.0 mm. 

The. present invention can be embodied in an electrostatic chuck as shown in Fig. 1 . An electrode 33 is formed on 
a substrate 31 1 and an insulating dielectric layer 32 is made upon the electrode 33. A gas-diffusing depression 34 is 
provided to be opened at a surface side of the insulating dielectric layer 32, and a gas-introducing hole 35 is commu- 
nicated with the gas-diffusing depression 34. The gas-introducing hole 35 is opened at a surface side of the substrate 
55 31 ,~and-connectedJo;a.gas f.eedecriot_s_hown. A gas isjlown into the gas-diffusing depression 34 through the gas- 
introducing hole 35 as shown by ah arrow E. ------ . t _ _ — .__ 

The depth t of the gas-diffusing depression 34 as measured from the attracting face is greater than that g of the 
electrode 33 from the attracting face, so that the electrode is buried in the substrate, while avoiding the location of the 



5 



EP 0 791 956 A2 



The electrostatic chuck according to the present invention may be produced by the following process. First, a 
planar electrode made of a metallic bulky body is buried in a ceramic green body. This step is carried out as follows; 

Method l: 

A preliminarily green body is prepared, and the above electrode is placed on this preliminarily green body. Then : 
a ceramic powder is charged over this electrode on the preliminarily green body, and the resultant is uniaxially press 
molded. \y . t ■•' *■ 

Method 2: 1. 

Two planar green bodies. are prepared by cold isostatic press : and an electrode is held between two planar green 
bodies. Then., the assembly of the two green bodies and the electrode is hot pressed in this state. 

In the method 2, the density of the preliminarily green body is increased and the variation in density of the green 
body is smaller owing to the cold isostattc press, as compared with the method 1 .. Therefore, as compared with the 
method 1 t »'a shrinkage amount of the green body during the hot press is smaller and variation in density is smaller after 
the firing. As a result, the average dielectric strength of the sintered body is relatively larger. ; 

The above function and effect is particularly important for the electrostatic chuck. For, due to the above-mentioned 
. reaspns : the average dielectric strength of the dielectric layer of the electrostatic chuck can be further enhanced, and 
its reliability can be greatly high.: 

In thissense, the relative density of the green body obtajned by the cold isostatic press is most preferably not less 
than 60 %K ; 

. Further, in order to screen print an electrode on a surface of a green body obtained! by the cold . isostatic press 
process, the green body needs be dewaxed for a long time under a non-oxidizing atmosphere. In this respect, since 
such ah extended time dewaxing step does not exist in a case where the electrode is held between the green bodies 
obtained. by the cold isostatic press, this case is advantageous from the standpoint of the mass production. 

Further, assume that the filmy electrode is formed by the screen printing. It is. considered that since the filmy 
electrode is deformed during the hot pressing, another problem consequently occurs that the thickness of the dielectric 
layer on the electrode film becomes non-uniform. In this respect, since the deformation of the electrode can be pre- 
vented by the rigidity of the electrode itself during the hot pressing when the electrode made of a planar metallic bulky 
body is buried, the non-uniform thickness of the dielectric layer can be prevented. The thickness of the dielectric layer 
is important for the electrostatic chuck, because this thickness rules the chucking performance: The wording "planar 
metallic bulky body" used here means,: for example, a metallic bulky, body formed as a monolithic planar shape as 
shown in Figs. 3. 4 and 5 without forming a wire body or a planar body in a spiral or meandered or zigzag shape. 

. Since the electrode is subjected to hot press in its thickness direction, it is preferably a planar electrode from the 
standpoint of preventing the warping during the hot press, the electrode is preferably made of. a high melting point 
metal in an application where the temperature is raised to a high temperature of 600° C or more at the maximum. 

As such a high melting point metal, tantalum, .tungsten, molybdenum, platinum, rhenium, hafnium and their alloys 
may be recited. From the standpoint of preventing contamination of the semiconductors, tantalum, tungsten, molyb- 
denum, platinum and. their alloys are preferred. As an object to be treated by using the electrostatic chuck, aluminum 
wafers may be recited by way of example in addition to the semiconductor wafers. 

The configuration of the electrode includes a planar electrode having a number of small holes, and a net-shaped 
electrode besides the thin planar electrode. When theplariar electrode having a number of the small holes or the net- 
shaped electrode is used as the electrode, the ceramic powder flows around through the numerous small holes or 
meshes, the joining force. between the substrate and the. insulating dielectric layer on the opposite sides of the electrode 
becomes greater to enhance the strength of the substrate. Further, when the electrode takes a thin planar shape, a 
large stress occurs particularly at the peripheral portion of the electrode* so that the substrate might be broken due to 
th i n n\rhrr ; Hrnnrnwpr , wuh^n th P oific trorie is the planar body having nu merous small holes or the net body, that stress 

is effectively, dispersed by numerous small holes and meshes.; ' ' ■ ' -. : : • • - . ' • — : : 

As the-planar body having numerous small holes, a punched metal may be recited by way of example. However 
when the electrode is to be made of a high melting point metal punched, such a high melting point metal itself has high 
hardness. Thus, it is difficult to punch numerous small holes in such a high melting point metal, and such punching 
raises a working cost. 

In this respect, when the electrode is made of a metal net, wires made of the. high melting point metal are easily 
availablerand the metal net can be-easily-produced.by„knitting the j/v i res . JTh e re fore, the electrode can be easily pro- 
duced by using such wires. : " 

The mesh shape, the wire diameter, etc. of. the metal net are not particularly limited. However, the metal nets 
having a wire diameter range of 0.03 mm to 0.5 mm and a mesh range of 150 meshes to 6 mesh could be used without 
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On operation of the electrostatic chuck : a gas is fed through the feed pipes 22 in an arrow B direction, passed through 
the gas-introducing holes 42, and blown out from their outlets on the attracting surlace side in arrow C directions. The 
gas flows in the gas-diffusing depression 24A in an arrow D direction in a circular shape as viewed in plane, and also 
flows toward the projection 25 through the gas-diffusing depressions 24B in the arrow C directions. The gas is dispersed 
s over the circular discoidal and trapezoidal-section portions 27, 29 excluding the round projections 26 so that the gas 
may be uniformly dispersed all over the rear face of the object to be treated. 

The residual attracting force upon the object to be treated can be controlled by the design of the projections 26 so 
that the residua! attracting force may not be excessive. 

>o (Experiments) > t . . 

tn the following, more concrete experimental results will be explained. 

(Experiment 1) '; : 

An electrostatic chuck as shown In Figs. 6 and 7 was produced. An electrode was buried in a green body composed 
of aluminum nitride powder having a purity of 99,9 %, and a sintered body was obtained by hot press sintering the 
green body at the hot press temperature of 1 910°G, so that the volume resistivity of an insulating dielectric layer was 
controlled to 1 x 10 11 Q cm at room temperature. - •' 

20 As an elecirode. a metal, net made of molybdenum was used. This metal net was obtained Dy kniiiing molybdenum 

wires having a diameter of 0.12 mm at a density of 50 wires per one inch. The surface of the insulating dielectric layer 
was machined to adjust the thickness thereof.. A hole was formed in the sintered body from a rear face side by using 
a, machining center, and a terminal was joined to the electrode. The relative density of the aluminum nitride sintered 
body constituting the substrate and the insulating dielectric layer was 99 %. 

25 The average thickness of the insulating dielectric layer was varied as shown in Table 1. Each electrostatic chuck 

was placed in a vacuum chamber and electric power was applied to a resistive heating element 19 in a controlled 
condition so that the temperature of the electrostatic chuck might be 200°C. The volume resistivity. of the insulating 
dielectric, layer at 200°C was 2 x 1 0 8 £2-cm. The attracting force was. measured by the method explained with reference 
to Fig. 2. The voltage was 500 V or 1000 V. Results in the voltage of 500 V are given in Table 1 . and those in the voltage 

30 1000 V are shown in Table 2. The measurement values are given with respect to unit of 5 g/cm 2 : 



Table 1 



Thickness of insulating dielectric layer (mm) 


0.3 


0.5 


1.0 


1.5 • 


2.0 


Attracting force (g/cm 2 ) 


280 


210 


135 . 


.95. 


60 


Thickness of insulating dielectric layer (mm) 


3.0 


4.0 . 


. 5,0 


.6.0 




Attracting force (g/cm 2 .) 


45..".. 


' 35 


30 


5 





40 ■ > 

.. Table 2 



Thickness of insulating dielectric layer (mm) 


0.3 


• 0.5 


1,0 


1.5 


2.0 


Attracting force (g/cm 2 ) 


395 


360 


180 


155 


105 


Thickness of insulating dielectric layer (mm) 


3.0 


4.0 


5.0 


6.0 




Attracting force (g/cm 2 ) . 


60 


45 


40 


10 





— ; — An i n rinnr fmm th^ wsiiiiQ rpHnrtio n jri the attracting force is relatively small in the c ase of the insulating dielectric 
layer.beirtg in a thickness range of 0.5 to 5.0 mm, and preferably in a thickness range of T.d to 3.0 mm. in particular 
a semiconductor could be sufficiently stably attracted in the case that the pressure of the gas was about 20 torr. 

(Experiment 2) 

An electrostatic chuck was produced in the same manner as in Experiment 1 , and the attracting force was tested 
in Ihe'same'way as in Experiment-l— In Experiment 2, -the^hot-press temperature was set at_ 1800*0, and the volume 
resistivity of the insulating dielectric layer was controlled to 1 x 10 15 Q-cm at room temperature. ~ " 

The electrostatic chuck was placed in a vacuum chamber, and was heated up to 400°C by feeding electric power 
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Table 4 ; , (continued) 



Surface roughness. 
Rrnax. of insulating 
dielectric layer (um) 


Porosity ol insulating 
dielectric layer (%) ' 


maximum Pore 
diameter of ' 
insulating dielectric 
layer (pm) 


Voltage applied to 
insulating dielectric 
layer (V) 


Attracting force of 
electrostatic chuck (g/ 
cm 2 ) 


4 


0.1 


' 0.5 


750 


60 


3 


0.1 


. 0.5 


250 


100 


3 


0.1 


. 0.5 


500 


170 


3 


0 : 1 


0.5 


750 


.230 


. i . . . 


0.1 .. 


0.5 


250 


210 




.0,1 


0.5 


500 


.470 


i 


0.1 


. 0.5 


750 


720 



10 



15 



Surface roughness, 
Rrnax, of insulating 
dielectric layer (pm) 


Porosity of insulating 
dielectric layer (%) 


Maximum pore • 
diameter of 
insulating dielectric 
layer (pm) 


Voltage applied to 
insulating dielectric 
layer (V) 


Attracting force of 
electrostatic chuck (g/ 
cm 2 ) 


3 . 


3 


1 


250 


95 


: 3 


3 


1 . 


500 


160 


3 


3 


1 


750 


210 


■ V 3 . " 


.5 


2 


250 


.40 


3. " 


5 


2 


500 


60 


-3 


5 


2 


750 


95 



20 . 



25 



30 



35 



As is clear from the above results, if the surface roughness, Rrnax, of the insulating dielectric layer is not less than 
4 pm, the attracting force is not almost increased even if the voltage applied to the insulating dielectric layer is raised, 
whereas if the surface roughness, Rmax, is not more than 3 pm, the attracting force is not only increased but also the 
attracting force sharply varies to respond to the increase in the voltage applied to the insulating dielectric layer. Further 
it was also clarified that i! the surface roughness, Rmax, is set at not more than 3 pm and if the porosity is set at not 
more than 3 %, the attracting force is most enhanced. Examination of various maching conditions revealed that if the 
maximum pore diameter of the insulating dielectric layer is not more than 5 pm, the surface roughness, Rmax, can be 
controlled to 3 pm. ' 



(Experiment 4) 



* s Ah electrostatic chuck as shown in Figs. 6 and 7 was produced. Aluminum nitride powder containing yttria as a 

sintering aid and having. a purity of 95 % was used. An electrode was buried in a green body composed of this powder 
arid a sintered. body was produced by hot press sintering the green body As the electrode, a metal net. made of mo- 
lyhHtan iim iaiuh nuui i ^ ny- ' N n n < nhtnipnH h yk , noting m^lyhHpni 1171 w ires having diameter of 0.3 mm at a d ensity of 20 
wires per inch was used. A molybdenum wire was. buried as a resistive heating element. The surface of an insulating . 

50 dielectric layer was' machined to set its thickness at 3.0 mm. A hole was formed from a rear face side by using a 
machining center, and a . terminal was joined to the electrode. 

Round projections 26, a circular portion and trapezoidal-section portions were formed. by. sand blasting such that 
the height of the projections 26 from the circular portion, or the trapezoidal-section portions were 20 pm. Each of gas- 

diffusing depressions was 3.0 mm in width and 1.0 mm in depth. The distance between the bottom face of the gas- 

55 diffusing depress iorfa~rid"tKe electrode was"2.0 mm : _ 

The relative density of the aluminum nitride sintered body constituting the substrate and the insulating dielectric 
layer was 99.9 %. In this case, if the dielectric breakdown resistance is at least 10 kV/mm and the distance between 
the bottom face of the gas-diffusing depression and the electrode is 500 pm, the dielectric breakage resistance is not 
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FIG. 3 




FIG. 4 
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FIG. 8 
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(54) Electrostatic chuck 

(57) An electrostatic chuck for attracting an object 
to.be treated, includes a substrate(l), an insulating di- 
electric layer (4) and at least one electrode (9) provided 
between the substrate and the insulating dielectric layer, 



wherein the above object is to be attracted onto the elec- 
trode via the insulating dielectric layer and an average 
thickness of the insulating dielectric layer (4) is not less 
than 0.5 mm and not more than 5.0. mm. 
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1. Claims 1-5, 9 : Electrostatic chuck wherein the - insuiati'n|g 
dielectric has a thickness in the range 0.5-5. Omni. 

2. Claims 6, 7, S : Electrostatic chuck having a gas- 
introducing hole and a gas-diffusing depression formed 

. in' the insulating dielectric layer and having a depth in 
the. range lOOun to. 5.0mm. 
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(54) Wafer cooling device 



(57) A wafer cooling device (WCD) for cooling a sub- 
strate, such as a wafer, during processing is presented. 
The substrate is mounted to an WCD heat transfer sur- 
face, thereby forming a cavity in between the substrate 
and the heat transfer surface into which gas is incorpo- 
rated. An array of protuberances within the cavity pro- 
vide support for the wafer. Contact heat conduction be- 
tween the substrate and WCD is reduced by reducing 
the amount of direct contact between the substrate and 
WCD. Thus the heat transfer coefficient from the sub- 
strate, and hence substrate temperature, is controlled 
by adjusting the gas pressure in the cavity. In alternative 
embodiments, gas distribution channels are formed in 
the WCD heat transfer surface to increase gas pressure 
uniformity between the wafer and the WCD thus improv- 
ing temperature uniformity across the substrate. 
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disk and the ceramic/cooling disk assembly is bolted into a cavity formed in the metallic support disk. 

To reduce the area ol contact between the WCO heal transfer surface and the wafer a portion of the WCD heal 
transfer surface is recessed. The remaining WCD contact surface is roughened. This reduces heal conduction through 
direct contact between the wafer and the WCD. Thus the dominant heat transfer mechanism is through the gas between 
the wafer and. the WCD wherein the gas pressure determines the heat transfer coefficient, hence wafer temperature. 
Gas distribution channels are formed in the WCD heat transfer surface to decrease gas pressure variations between 
the wafer and the WCD which result from gas leakage. Since the heat transfer coefficient, and wafer temperature, are 
mainly, dependent on the gas pressure, providing a uniform gas pressure decreases temperature variations across the 
wafer. 

In one embodiment, the gas distribution channels are arranged in a triangular pattern. In another embodiment, the 
gas distribution channels are arranged in a cross hatch pattern. In alternative embodiments, the gas distribution chan- 
nels radiate outward in a spoke pattern from a central location'on the WCD heat transfer surface. In another embodi- 
ment., eighteen gas distribution channels radiate outward from a hexagonal pattern of channels at the center of the 
WCD. • 

In all of the embodiments, one or more electrodes can be formed within the ceramic disk. A DC voltage is applied 
to the electrode(s) to produce electrostatic force which clamps the wafer to the WCD. In addition.. RF power can be 
applied to the electrode(s) and also to the metallic support disk. For example, it may be desirable to apply RF power 
to accelerate tons towards a wafer mounted to the WCD, thus producing sputter etching of the wafer. 

• BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 illustrates a prior art electrostatic chuck. 

Fig. 2 is an exploded top isometric view of a wafer cooling device (WCD) in accordance with the present invention. 
Fig. 3 is a top isometric view of a metallic cooling disk in accordance with the present invention. 
Fig. 4 is a cross sectional view of a unit into which the WCD tn accordance with the present invention is installed. 
Fig. 5 is a cross sectional view of a WCD in accordance with the present invention. 
Fig. 6 shows a blown up cross sectional view of a portion of the wafer-WCD interlace shown in Fig 5. 
Fig. 7 shows a hypothetical wafer-WCD assembly in which there is no direct contact between the surfaces of the 
wafer and the WCD. 

Fig. 8 is a graph which shows the temperature profile along theheat.transferpath from the wafer through the WCD. 
Fig. 9 is a graph which illustrates the behavior of the heat transfer coefficient in relation to gas pressure and contact 
surface spacing. . 

Fig. 10a shows a top view of the contact surface of the ceramic disk for a WCD in accordance with the present 
invention. 

Fig. 10b further illustrates the gas distribution channels for the WCD shown in Fig. 10a. 

Figs. 11a and 11b are expanded top and cross sectional views, respectively, of a region of the ceramic disk shown 
in Fig. 10a. 

Fig. 12 is a graph which shows the relation between the heat transfer coefficient and wafer surface roughness for 
various WCDs in accordance with the present invention. 

Fig. 13 is a graph which shows the overall heat transfer coefficient, versus gas pressure measured at the center 
of a WCD in accordance with the present invention. ' 

Fig. 14 is a graph which illustrates the effects of pressure non-uniformity on wafer temperature for a WCD in 
accordance with the present invention. 

Figs. 15a, 16a, 17a, 18 and 19a illustrate top views of WCDs with various configurations of gas distribution channels 
in accordance with alternative embodiments of the present invention. 

Figs. 15b, 16b, 17b and 19b further illustrate the gas distribution channels for the embodiments shown in Figs. 
15a, 16a, 17a, and 19a, respectively. 

Fig. 20 is a graph which illustrates waf er temperature profiles for several WCDs in accordance with alternative 
embodiments of the present invention. ~ : — ; 

Fig. 21 is a graph which illustrates temperature versus backside gas pressure at the center of a WCD in accordance 
with the present invention. 

Figs. 22a and 22b are exploded top isometric and cross sectional views of an alternative embodiment of the present 
invention in which the ceramic disk is brazed or soldered directly on to the metallic cooling disk. 

Fig. 23 is a block diagram which illustrates means for controlling backside gas pressure of a WCD in accordance 
_w.it b the .present invention. 
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across first thermally conductive paste layer 54. through metallic support disk 56. across second thermally conductive 
paste layer 58. and finally through metallic cooling disk 60. Heat (shown as Q oul ) is removed from metallic cooling disk 
60 by cooling water which contacts and cools metallic cooling disk 60. as discussed above in reference to Fig. 3. 

Referring to Fig. 5. there are two primary pathways for heat transfer across wafer-WCD interface 50. The first is 
conduction through the gas in gap 68. hereinafter referred to a gas heat conduction. The second is conduction directly 
across the microscopic points of contact between contact surfaces 60, 82 at wafer-WCD interface 50, hereinafter 
referred to as contact heat conduction. 

. The two heat transfer pathways shall be discussed separately. First, gas heat conduction shall be discussed as- 
suming that there is no contact heat conduction, i.e., that there is no direct contact between contact surfaces 60, 82. 
Fig. 7 shows a hypothetical wafer-WCD assembly in which there is no direct contact between contact surfaces 80 : 82 
Since there is no direct coniact at wafer-WCD interface 50, there is no contact heat conduction. Thus all heat transfer 
across wafer-WCD interface 50 in Fig. 7 occurs across gap 68 through gas heat conduction. 

The overall heat transfer coefficient h 0 for the wafer-WCD assembly illustrated in Fig. 7 can be calculated by first 
calculating the heat transfer coefficient across each layer in the heat transfer path. Calculated and measured heat 
transfer coefficients are given below in Table i where metallic support disk 56 is a!uminum : metallic cooling disk 60 is 
brass, and gap 68 is filled with Helium at 10 Torr. 



TABLE 1 



Step 


Heai Transfer Medium 


Heat Transfer Coefficient for Step (W/M 2 -K) 


1 


Wafer-WCD Interface 50 
(with He at TO Torr) 


h, = 275 


2 


. Ceramic Disk 52 
(6.7 mm) 


h 2 = 2500 


3 


Thermal Paste 54 
(0: 1 3 mm) 


h 3 = 18110 


4 


Support Disk 56 
(Aluminum at 6.35 mm) 


h 4 = 36220 


5 


Thermal Paste 58 
(0.13 mm) 


h 5 = 18110 


6 


Cooling Disk 
(Brass at 3.18 mm) 


h 6 = 39370 




Overall 


h n = 238 



Xhe heat transfer coefficient for any particular layer (i) is set forth in the following equation: 



O 



40 



45 



A, * A T. 



(D 



where O t is the heat conducted, h, is the heat transfer coefficient, A 4 is the area through which heat is conducted, and 
A Tj is the temperature difference over which the heat is conducted. 

The overall heat transfer coefficient h 0 across, all of the layers is the series sum of all of the layer heat transfer 
coefficients as set forth in the following equation: 



50 



h 0 = (M/h 1 ) + (1/h 0 ) + (1/h^)-f(1/h 4 ) + (l/h s )-i-(1/h 6 ))' 



(2) 



55- 



The area A; through which heat is conducted is substantially the same for each step (i) along the heat transfer 
path. Also, at steady state where Q in equals Q out , the heat conducted (Qj) is the same for each step along the heat 
transfer path. Thus h- * A Tj will be the same for each step (i) along the heat transfer path. Consequently, large tem- 
perature drops occur across layers having low heat transfer coefficients and small temperature drops occur across 
Jayers having large heat transfer coefficients. 

The temperature~p7ofile^along tfi^heartrairisferpa 
for an input heat Q in value of 2000 watts. As shown in Fig. 8, T1 is the temperature at contact surface 80 of wafer 62, 
T2 is the temperature at contact surface 82 of ceramic disk 52, T3 is the temperature at the bottom of ceramic disk 52, 
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Pressure conlrot valve 120 is manufactured by Unit Instruments, model #C 11 -55719. although any similar control 
valve can be used. Controller 123 is also manufactured by Unit Instruments, model #URS-20P. although any similar 
controller can be used. Manometer 1 24 is manufactured by Tylan General, model #CMLA-21 506. although any similar 
manometer can be used. 

5 A valve 134. such as a needle valve, allows a fixed amount of gas to flow to pump 136. This insures a steady state 

condition for pressure control valve 120. Valve 134 is set such that the gas flow rate through pressure control valve 
120 is at or near the gas flow rate which is optimal for pressure control valve 120, thus improving tolerances in gas 
flow rate control hence improving tolerances in backside pressure control. 

To determine what pressure value (the set point)' should be set into controller 128 to achieve a certain wafer 

io temperature : a lookup table is used. For any given process, the lookup table is a correlational measured wafer tem- 
perature in relation to set point pressure. To generate the lookup table, the set point pressure is set to a first value and 
the wafer temperature is measured. The set point pressure is then set. to second value and the wafer temperature is 
again measured. This iterative process continues and a lookup table is completed. 

Alternatively, the wafer temperature is measured directly, and the measured temperature is used to control gas 

15 pressure. The wafer temperature can be measured using infrared techniques, or by using embedded or contact ther- 
mocouples well known to those skilled in the art. The wafer temperature is detected by a temperature sensor 1 38 (Fig. 
23). Temperature sensor 138 delivers a signal representing 'the wafer temperature to controller 128 which in turn in- 
structs pressure control valve 120 which adjusts the backside gas pressure and maintains the desired wafer temper- 
ature. To illustrate, if the wafer temperature is greaiei Yns'n the desired wafer temperature, controller 1 28 increases the 

20. backside gas pressure by instructing pressure control valve 120 to let more gas into the backside feed line. This de- 
• creases the wafer temperature to the desired valve. Conversely, if the wafer temperature falls below a desired wafer 
temperature, controller 128 decreases the backside gas pressure by instructing pressure control valve 120 to reduce 
the amount of gas into the backside feed line. This increases the wafer temperature to the desired value. 

As described above, in the hypothetical arrangement shown in Fig. 7. it was assumed that there is no contact heat 

25 conduction at wafer-WCD interface 50. However, under certain conditions contact heat conduction can be substantial. 
Referring back to Figs. 5 and 6, the amount of heal transferred by contact heat conduction is determined by the size 
of the area of direct contact between contact surfaces 80. 82. The greater the area of direct contact, the greater the 
heat transferred by contact heat conduction. The size of the area of direct contact is a function of the roughness, 
flatness and hardness of contact surfaces 80, 32, as well as the applied pressure between contact surfaces SO.. 82. 

30 Since the characteristics of contact surface 80 vary from wafer to wafer, and since the characteristics of contact surface 
82 can change over time, accurately controlling contact heat conductance is difficult. 
— Two techniques are used to reduce the area of direct contact between contact surfaces 80, 82. First, a large 
percentage of the surface area. available tor contact is removed. Fig. 10a shows a top view of contact surface 82 of 
ceramic disk 52 for a preferred embodiment in accordance with the present invention. Fig. 11a shows an expanded 

35 top view of region 76 in Fig. 10a.. Fig. 1 1b shows a cross sectional view of region 76 along the line A - A* shown in Fig. 
11a. As seen in Fig. 10a, contact surface 82 has a dot pattern. 

Top and cross sectional views of five dots 72 are shown in Fig. 11a and 11b, respectively. As seen in Fig. 11b, 
each dot 72 represents a raised surface area 72' of contact surface 82. with, each dot having a.diameter D D typically 
within a range of approximately 1 .5 mm to 2:5 mm. Hence, a wafer (not shown) mounted to ceramic disk 52 will only 

40 • contact ceramic disk 52 along the surface 72' of the raised dots. 72. Thus a large percentage of the surface area of 
contact surface 82 available for contact heat conduction is removed. It is desirable to remove between approximately 
80 to 98 percent of the surface area of contact surface 82 available for contact heat conduction. In the embodiment 
shown in Fig. 10a, approximately 80 percent of the total surface area of contact surface 82 is recessed with only 
approximately 10 percent of the total surface area remaining for contact heat conduction. Although in the top views 

■is shown in Figs. 10a and lla dots 72 are circular, it should be understood that dots 72 can be in any shape: for example 
triangular or rectangular. 

~~ A second technique to reduce the amount of direct contact between contact surfaces 80, 82 is to roughen contact 
curler H , J n t f^mm i r i fi ,1 r ? Py ^"j^nning ™oi«r| s urface 82 r the number of microscopic points of contact between 
contact surfaces 80, 82 are reduced. This reduces the amount of direct contact between contact buildup 00, 02, and 
50 hence contact heat conduction. 

Fig. 12 is a graph which shows the behavior of the heat transfer coefficient for contact heat transfer versus wafer 
surface roughness (roughness of contact surface 80 of wafer 62) for various WCDs. The WCDs in curves A. B and C s 
D have contact surfaces (82) with roughnesses of 0.05 and 0.35 pm Ra. respectively where urn Ra is the average 
deviation in microns from a hypothetical mean plane generally parallel to the contact surface. Furthermore, the contact 
55 su7facesl82)lhnhe"WCDsTn curvesBand-D -are similar-to.the con tact, sun* ace 82 shown jni Fig^lOa and have 90% of 
the total surface area of contact surface 82 recessed. 

As shown by the curve labeled A in Fig. 12 s contact heat conductance can become quite efficient with a heat 
transfer coefficient of approximately 2000 W/M 2 -K if contact surfaces 80 : 82 are polished to less than 0.05 urn Ra. In 
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shown in curve H Acceptable wafer temperature profiles (maximum temperature across the water surface below 
400'C ) are obtained with backside gas pressure drops ol less than 10 percent (10.0 Torr at center. 9.0 Torr at edge) 
as shown in curve I Thus it is desirable to avoid variations in the backside gas pressure ol more than ten percent. 

Another advantage ol having a substantially uniform backside gas pressure is that lower overall wafer temperatures 
are obtained This is because as the variation in backside gas pressure decreases,. the average pressure behind the 
wafer rises as does the average heat transfer coefficient. Thus, the overall wafer temperature drops, even at the wafer 
center To illustrate the temperature at the wafer center in curve G (1% variation) is substantially cooler than the 
temperature at the wafer center in curve H (90% variation) even though the backside gas pressure at the wafer center 
equals the inlet pressure of 10 Torr in both examples. , 

As shown in curve G even when backside gas pressure varies by only one percent, the wafer edge is at a sl.ghtly 
higher temperature than the wafer center. This is because the wafer overhangs the edge of the WCD sl.ghtly by 
approximately 1.0 mm, to accommodate tolerances in the placement of the wafer on the WCD, and the porl.on that 
overhangs sees little or no cooling other than by heat conduction through the waler itself. 

To contain the gas. a continuous annular ring 78 lormed at the periphery of ceramic d.sk 52 (see Figs. 10a. 11a 
and 11b) provides a seal between wafer 62 and ceramic disk 52. Referring to Fig. lib. the raised surface area 78 o 
annular ring 78, and the raised surface areas 72' of dots 72 are substantially coplanar, with.an average deviation of 
less than 0 1 mm from a hypothetical mean plane generally parallel to surfaces 72'. 78'. Ideally, with a perfect seal and 
no gas movement, there would be no pressure variation behind the wafer. However, realistically there will be some 
gas leakage pasi annular ring 78. 

As discussed above the WCD and hence annular ring 78 has a slightly smaller diameter than tne wa.e. .o accom- 
modate for wafer placement tolerances. If the waler is misplaced such that a portion of annular ring 78 does not contact 
a portion ol the wafer, then the seal formed by annular ring 78 and the wafer is breached. When the seal is breached, 
the leak rate increases abruptly: .... . 

Even when the seal is not breached due to waler misplacement, the seal will still leak. For a given leak rate q at 
the seal formed by the wafer 62 and the annular ring 78, the pressure distribution will be governed by the seal con- 
ductance C s as set forth in the following equation: 

30 <■■ . 

where :\ P is the pressure drop across the seal. 

The seal conductance (C s ) depends upon several factors. One lactor is the roughness of the contact surfaces that 
create theseal i e the roughness of the surface of annular ring 78 and the roughness of the surface of the wafer 62 
which contacts annular ring 78. Another factor is the presence of hard particles on the contact surfaces that create the 

3S seal The magnitude of the clamping force between the contact surfaces that create the seal also effects the seal 
conductance Since these factors are difficult to predict, the seal conductance is also difficult to predict. However, some 
control over the seal conductance can be obtained by increasing the width (shown as W s in Figs. 11a and lib) of 
annular ring 78. with larger widths producing smaller seal conductances and hence smaller leak rates. 

For any given seal conductance, the maximum seal leak rate occurs when the pressure drop across the seal equals 

■>o the maximum possible pressure drop according to equation 3. The maximum possible pressure drop is the difference 
between the backside gas inlet pressure (the pressure cannot exceed the backside gas inlet pressure) and the pressure 
in the vacuum chamber which for a 5 mTorr operating pressure is essentially zero for the purposes of these calculations. 
To limit variations in the backside gas pressure, the surface (82) pattern of ceramic disk 52 must permit flow rates m ■• 
excess of the maximum seal leak rate. This occurs when the inner surface conductance (the gas flow conductance 

■« from the center of ceramic disk 52 to annular ring 78 in the gap formed by the wafer and ceramic disk 52) is much 
greater than the seal conductance. 

The inner surface conductance depends upon the dot height H D , since this sets the spacing through which gas 

: f| . mn |n y^p^ nr .,;„ 0 „ 0 , aa i fir rint height H n the inner surface conductance is im proved. However, as discussed 

previously, it is desirable to keep the dot height H D below 40 urn to prevent heat tiau bfm uuf u ii n u M ce fr n m rlr-rjnrl i no 

so To improve inner surface conductance, gas distribution channels (shown as 74, 74' in Figs. 1 0a. 1 0b, 1 1 a and 1 1 b) 

are used. As shown in Fig. 10b, 1 8 gas distribution channels 74 radiate outward from a hexagonal pattern of channels 
at the center of the WCD. To insure that there are sufficient dots 72 at the center of ceramic disk 52, only six gas 
distribution channels are used inside of the hexagonal pattern to distribute gas from the central gas inlet port. The gas 
distribution channels supply gas to annular rinc r 3 to replace gas which leaks across the seal formed by annular ring 
— ss - - 76 and the wafer and-to the-vaeuum chamber.Belerring.to Fig^Vlb, gas distribution channels 74, 74' are rectangular 
in cross section and have a depth D c and a width W c . In one embodiment, the width W^ of gas distribution channels 
74 74' is approximately 1 500 urn. and the depth D c is approximately 700 urn. It is desirable that the width W c of gas 
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TABLE 2 (continued) 



Embodiment 


Embodiment 
according to: 


Seal Width 


Channel depth 


Wafer Edge 
Pressure 


Seal. Leak 
Rate 


Inner Surface 
Flow 


(mm) 


(^m) 


(Torr) 


(SCCM) 


(SCCM) 


12 


Fig. 18 


2 


300 


4.3. 


6.5 


1.10 




Fig. IB 


4 


700 


60 


4.5 


1.10 


14 


Fig. 18 


.2 


700 


9.1 


13 5 


14.50 



In all of the embodiments shown in Table 2. the channel width was 1500 pm. The wafer edge pressure is, the 
backside gas. pressure at the inner edge of annular ring 79. The seal leak rate is the expected leak rate at the seal 
formed by the wafer and annular ring 78 for the corresponding wafer edge pressure shown in Table 2. The inner surface 
flow is the expected flow across the ceramic disk surface 32 when the backside gas pressure is 10.0 Torr at the wafer 
center and 9.0 Torr at the wafer edge (10% variation in backside gas pressure). 

As shown in Table 2, in Embodiment 1 (Fig. 19a), the pressure^ varies 0.3 Torr across the inner surface from the 
inlet pressure of .10 Torr at the wafer center to 9.7 Torr at the wafer edge. Thus, in Embodiment 1, the backside gas 
pressure variation is 3%. Similarly, in Embodiments 5, 10, 11 and 14 the backside gas pressure variation is 3%/ 5%; 
3% and 9%, respectively, in Embodiment 1, the inner surface flow rate across the ceramic disk surface 82 is 50.00 
SCCM (for a 1 Torr pressure drop, between the wafer center and edge); which far exceeds, the expected seal leak rale 
of 14.6 SCCM. This provides a measure of tolerance to accommodate higher seal leak rates which may result for 
example, from wafer misalignment or particulate. Similarly, in Embodiments 5, 10 and .11, the inner surface flow rate 
of 50.0p ; 26.00 and 26.00 SCCM across the ceramic disk surface 52 substantially exceeds the expected maximum 
seal leak rate of 14.6. 14 2 and 7.3 SCCM, respectively, thus also providing a measure of tolerance to accommodate 
higher seal leak rates. ... 

. Expected heat transfer coefficients for Embodiments i . 2, 5, 9 and 10 in Table 2 are given below in Table 3. Heat 
transfer coefficients given are for gas heat conduction only. In alt of the embodiments, the heat transfer coefficient for 
contact heat conduction is within the range of approximately 5 to 30 W/M 2 .-K depending upon the wafer surface rough- 
ness, with rougher wafer surfaces resulting in lower heal transfer coefficients. . 



TABLE 3 



Embodiment 


% Variation 


Heat Transfer Coefficient, Waler Center 
(W/M 2 -K). 


Heat Transfer Coefficient, Wafer Edge 
(W/M 2 -K) 




3% 


297 . 


. , . ' 255 


2 


82% 


223 


89 


5 . 


3% 


297 


255 . 


9 


.. 27% - 


279 - . . 


204 


10 


. 5%' 


• 295 


: 243 



. Table 3 illustrates that embodiments with less variation in backside gas pressure. have less variation in the heat 
transfer coefficients between the wafer center and edge. For example, in Embodiment 1, which has a backside gas 
pressure Variation of .3%, the heat transfer coefficients at the wafer center and edge are 297 and 255 W/M 2 -K, respec- 
tively, for a variation of 42 W/M 2 -K. However, in Embodiment 2, which has a much greater backside gas pressure 
variation of 82% : the heat transfer coefficients at the wafer center and edge are 223 and 89 W/M 2 -K : respectively, for 
a variation of 134 W/M 2 -K. Less variation in the heat transfer coefficient improves the wafer temperature profile as 
illustrated in Fig. 20. ~ : : : ' : : — — = . 

In Fig 20, wafer temperature profiles for Embodiments 1 and 9 are shown in curves J and K, respectively, assuming 
a rough wafer surface (heat transfer coefficient for contact heat conduction equal to approximately 5 W/M 2 -K). Wafer 
temperature profiles for Embodiment 2 with a smooth wafer surface and with a rough wafer surface area are shown 
in curves L and M : respectively. The heat transfer coefficients for contact heat conduction are 500, 30 W/M 2 -K for 
curves L and M, respectively. Fig. 20 assumes a heat load ol 2000 watts delivered to a 200 mm diameter wafer. The 
backside_gas,_helium^was_sup^ie^at 10 Torr through a centrally located gas feed. Ceramic disk 52 was held at 60°C. 

As shown in curve M, wafer edge remplHlftu7esTn~eTce~ss^^ 

having a rough surface. However, as shown in curve L, when the wafer surface is polished a substantially uniform 
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contact piate and said cooling plate. 

3. The substrate cooling device of Claim 2 wherein said support plate is interposed between said substrate contact 
plate and said cooling plate. 

4. The substrate cooling device of Claim 3 further comprising: 

a first layer of thermally conductive paste between a backside of said substrate contact plate and a first surface 
of said support plate: and . ( 

a second layer of thermally conductive paste between a second surface of said support plate and said cooling 
plate. 

5. The substrate cooling. device of Claim 4 further comprising a first seal for protecting said first layer of thermally 
is conductive paste from a vacuum environment surrounding said substrate cooling device. 

6. The substrate cooling device of Claim 5 further comprising a second seal for protecting said first layer of thermally 
conductive paste from a vacuum environment within said at least one gas inlet channel. 

20 7. The substrate cooling device of Claim 3 further comprising a plurality of bolts for attaching said support plate to 
said substrate contact plate. 

8. The substrate cooling device of Claim .7 wherein a belleville spring washer is used with each of said bolts to provide 
flexibility and thereby accommodate a difference between the respective thermal expansion properties of said 

25 support plate, arid said substrate contact plate. 

9. The substrate cooling device of Claim 4 wherein said substrate contact plate is formed of a ceramic material. 

10. The substrate cooling device of Claim 2 wherein said cooling plate is interposed between said substrate contact 
'30 plate and said support plate: 

11. The substrate cooling device of Claim 1 0 wherein said substrate contact plate is soldered or brazed to said cooling 
plate. 

.35 12. The substrate cooling device of Claim 1 wherein an area of said recessed region occupies from 80% to 98% of 
an area of said central region. 

13. The substrate cooling device of Claim, t wherein said peripheral raised region comprises an annular seal ring. 

-to 14. The substrate cooling device of Claim 13 wherein said at least one gas inlet channel opens into said cavity at a 
gas inlet port located at or near a center of said central region. 

15. The, substrate cooling device of Claim 13 further comprising an annular gas distribution ring located adjacent an 
inside edge of said annular seal ring. 



45 



16. The substrate cooling device of Claim 1 5 wherein said central regioh further comprises a pattern of gas distribution, 
channels extending from said at least one gas inlet port to said annular gas distribution ring. 



17. The substrate cooling device of Claim 16 wherein said gas distribution channels have a d epth i n the rango of 
so- 0.2-2.0 mm and a width in the range of 0.5-2.5 mm. 

18. The substrate cooling device of Claim 17 wherein said gas distribution channels have a depth of approximately 
0.7 mm and a width of approximately 1.5 mm. 

55~ ~ 197 The sTTbstrate coolihgTdevice-of Claim-16-wherein said.pattern cj)mp_rjse^s_a^^t^r mediate channel in the shape of 
a closed figure surrounding said at least one gas inlet port, a first group of channels exteliainyfro7Trs^aid~gas1n let- 
port to said intermediate channel and a second group of channels extending from said intermediate channel to 
said annular gas distribution ring, said second group of channels being greater in number than said first group of 
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contact plate, a surface of said substrate being in contact with said raised region and said contact surfaces, a gas 
being introduced into said cavity through said at least one gas inlet channel. 

40. The combination of Claim 39 wherein said gas is selected from the group which consists of hydrogen, helium. 
5 nitrogen and argon. 

41. The combination of Claim 39 wherein a pressure of said gas in said cavity is at or below approximately 20 Torr. 

42. The combination of Claim 39 wherein said substrate receives power from a source external to said substrate 
70 cooling device, a temperature of said substrate being controlled by said gas pressure. 

43. The combination of Claim 42 wherein less than approximately 20% of said heat removed from said substrate is 
removed through said protuberances. » 

is 44.. The combinationof Claim 39 wherein a roughness of said surface of said peripheral raised region and said contact 
surfaces are greater than or equal to a roughness of a surface of said substrate in contact with said substrate 
cooling device. 
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45. The combination of Claim 39 turther comprising: \ 

a pressure control valve for controlling a pressure of a gas in said at least one gas inlet channel: 
a pressure sensor for sensing a pressure of said gas in said. at least one gas inlet channel: 
a controller linked to said pressure control valve.and said pressure sensor: 

wherein said controller receives a signal from said pressure sensor and responsive thereto delivers a signal 
25 to said pressure control valve to maintain a the pressure in said at least one gas inlet channel at a predeter- 

mined level. 

46. The combination of Claim 39 further comprising: 

30 a pressure control valve for controlling a pressure of a gas in said at least one gas inlet channel: 

a temperature sensor for sensing a temperature of said substrate: . 
a controller linked to said pressure control valve and said temperature sensor: 

wherein said controller receives a signal from said temperature sensor and responsive thereto delivers a signal 
to said pressure control valve to maintain a temperature of said substrate at a predetermined level. 
35 ' . . \ ■ " • '.. " 

47. A chemical, vapor reaction system comprising a reaction chamber and a wafer cooling device according to Claim 
1 : said wafer cooling device being positioned to support a wafer in said reaction chamber. 

. 48. The chemical vapor reaction system of Claim 47 wherein said chemical vapor reaction system comprises a chem- 
40 ical vapor deposition system. 

49^ The chemical vapor reaction system of Claim 47 wherein said chemical vapor reaction system comprises a plasma- 
enhanced chemical vapor deposition system. ... 

45 - " 50. The chemical vapor reaction system of Claim 47 wherein said chemical vapor reaction system comprises a plasma 
etch system. 

5 1 . Thi 1 l I ii . i nk j I rrnpor rhnrt i on sys t em nfn'jaim 47 wherein said chemical vap or reaction system comprises a sputter 

. etch system. . ; : ■ 



so . 



55. 



52. The chemical vapor reaction system of Claim 47 wherein said chemical vapor reaction system comprises a physical 
vapor deposition system. 

53. A wafer cooling device comprising: 

a ceramic disk, said ceramic disk having a top surface which comprises a raised annularling'extending-along- 
the periphery thereof and a central region inside said raised annular ring, said central region comprising a 
recessed area and an array of dots, each of said dots terminating in a contact surface, a surface of said raised 
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disk. 

66. The wafer cooling device of Claim 65 wherein said cooling disk is fixed in said cavily.with bolts. 

5 67. The wafer cooling device of Claim 66 further comprising a first Oring for sealing said cavity against a vacuum 
environment surrounding said wafer cooling device and a second O-ring for sealing said cavity against a vacuum 
environment in said gas inlet channel. " 

68. A method of controlling the temperature of a substrate which is receiving thermal energy from an external source, 

to said method comprising the steps of: j ' 

• ■ '■ \ 

providing a substrate cooling device which comprises a substrate contact plate having an annular raised ring 
: formed at the periphery thereof and a cavity inside said annular raised ring: 
clamping said substrate to a surface of said annular. raised ring: 
is supplying a gas to said cavity: 

establishing the pressure of the gas within said cavity so as to predetermine a temperature difference between 
said substrate and said substrate contact plate and thereby control the temperature of said substrate. 

69. The method of Ciairn 63 further comprising the step of cooling said substrate contact plate. 

20 . . 

70. The method of Claim 68 wherein a leakage of said gas flows between said substrate and said surface of said 
annular raised ring. . ' . 

25 ' . ' . 
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